Thirty two bottom sediment samples were collected from four different areas from Arabian Gulf, United Arab Emirates. These areas include: (a) Dubai, (b) Sharjah, (c) Ajman, and (d) Ras Al-Khaimah. The present study focuses on the levels of copper, lead, iron, manganese nickel, cadmium, zinc and vanadium in order to assess the extent of environmental pollution and to discuss the origin of these contaminants in sediments. Positive correlations are found between increase of heavy metals concentration and decrease of grain size. It is well established that heavy metals tend to be concentrated in the finer grain sizes of bottom sediments of the studied areas. Some large size grain sediments show high heavy metals concentrations due to formation of large agglomerates from the smaller particles enriched by contaminations. The concentrations of copper, zinc, lead, iron, manganese, nickel, cadmium, and vanadium are varied between 5.05, 10.15, 2.82, 3230, 119.0, 16.92, 0.105, and 11.04 µg/g, respectively, which are within the permission levels. This means that the samples containing these metals were derived from nonpollutant sources.
Introduction
The United Arab Emirates is situated at the southern part of the Arabian Gulf (Fig. 1 ). It extends from the Qatar peninsula to Oman over a distance of 725 km along the Arabian Gulf coast, additionally 76 km of the Eastern Coast borders, immediately south the Musandam Peninsula, in the Sultanate of Oman [1] . The Arabian Gulf Coastal sector is a low-lying area of extensive tidal flats, lagoons and sand dunes, while the Eastern coastal area bordering is mountainous. In the north, the Eastern coast of UAE consists of sandy beaches with rocky headlands with relief diminishing towards the south as the coastal strip passes into low-lying lagoonal environments [2] . The Eastern coast of UAE is affected by three coastal actions. These are (a) along shore current moving eastwards in the Arabian Gulf, (b) wave action, and (e) tide action. The energy of each process depends on several variables, vis. wide velocity, configuration of the coastline, lithology and structure of the coastal geology, relief of the coastal area, and nature of the marine sediments [3] . Accordingly, several coastal and marine subsystems have evolved. On the whole, the coastal region of the United Arab Emirates can be divided into the Arabian Gulf Coastal region (study area) and the eastern coast of UAE region (Oman Gulf).
Natural of the study area
The UAE coast of the Arabian Gulf, between the base of Qatar Peninsula and the southern end of Musandam Peninsula, is composed primarily of relatively pure carbonate sediments [4] . Concurrently, the offshore area is occupied mainly by coarse-grained sediments (sand and muddy sand) [5] . Although the coastline here is essentially linear, in detail its morphology is exceedingly complex. These complexities are the product of both preHolocene erosion and sedimentation. Holocene sedimentation causes rapid lateral variations in the environments and sedimentary patterns. These contrasts markedly with the relatively simple distribution of sediments in the offshore areas [4] . The coastal area is protected by a group of islands and patch coral reefs. According to [4] , sediment composition, surface patterns and vertical sequences vary laterally along the Gulf coast depending on three major factors: (a) orientation of the shoreline with respect to the onshore north winds, (b) proximity to Qatar Peninsula, an up-wind barrier, and (c) the presence of the Great Pearl Bank coastal barrier [6] .
Experimental study

Hydrographic survey
Some physicochemical parameters e.g. pH, dissolved oxygen, salinity, temperature and depth were measured in situ using the water quality logger, where locations were determined by a GPS.
Sampling
In most aquatic systems, the concentrations of the heavy metals in the bottom sediments are much greater than their concentrations in the water column. Bottom sediments are known to act as a reservoir or sink for many trace metals and some other pollution. The studied areas are located at Arabian Gulf between 25
• 43 and 25
• 02 North and 56
• 48 and 56
• 03 East. Thirty two sediment samples (one kg) were collected from the bottom of the Arabian Gulf from 6 to 10 m depth in order to trace the pollution level of these sediments by using the mineralogical and geochemical analyses. Samples were collected by using Grab Sampler from each station using GPS to determine the coordinates of each one and immediately transferred to sampling containers. The sampling containers were immediately sealed, labeled, refrigerated, and kept frozen prior to chemical and physical analyses. These samples were collected from: Ras Al-KhaimahUmm Al-Quwain (15 samples), Sharjah (6 samples), Ajman (3 samples), and Dubai (8 samples), all of which lie along the eastern coast of the UAE. In the laboratory the collected samples were dried and sieved for grain size analysis and measuring heavy metals concentrations.
Laboratory analyses
Laboratory analyses were carried out for the bottom sediments for Arabian Gulf. These analyses include: grain size analyses and heavy metals concentration.
Results
The grain size statistical parameters according to [7] , i.e. mean size of samples which are taken from Dubai and Sharjah, indicate that these areas (from the Arabian Gulf sector) are covered by medium sand (muddy sand to gravels) (Fig. 2) . On the other hand, Ajman and Ras Al-Khaimah sampling areas are apparently covered by sandy to gravelly sand.
Grain size-heavy metals relationship
Grain size of the studied areas are thought to play an important role in controlling the concentrations of trace metals on/in suspended and bottom sediments [8] . In general, positive correlation has been reported between increase of heavy metal concentrations and decrease of grain size. Table I gives a summary of the average heavy metal concentration levels in the different grain size textural in Arabian Gulf, which are calculated from the measurements of the bottom sediments. Positive correlations are found between increase of heavy metals concentration and decrease of grain size (Fig. 3) , verifying that adsorption onto muds is the primary mechanism of trace metal concentration in marine bottom sediments. It is well established that heavy metals tend to be concentrated in the finer grain sizes of bottom sediments. Therefore, heavy metal concentrations in the fine grained muddy sediments (sandy mud or muddy sand) of Gulf of Oman. Some large size grain sediments show high heavy metals concentration due to formation of large agglomerates from the smaller particles enriched by contaminations. 
Heavy metals concentration
Thirty two samples were extracted from bottom powdered sediments of Arabian Gulf (Ras Al-KhaimahUmm Al-Quwain (15 samples), Sharjah (6 samples), Ajman (3 samples) and Dubai (8 samples)).
Concentrations of heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, V, and Zn) (Table II) were determined in an aliquot using inductively coupled plasma-mass spectrometry (ICP-MS) at Acme Labs, Canada. Along with the samples, system and method blanks were run with standard material for background correction and quality control.
Distribution of Heavy Metals in the Bottom Sediments. . . 
B-105
Natural background levels of heavy metals
Heavy metals are natural constituents of all environments found in the seawater, marine organisms and sediments [9] . Therefore, knowing their natural background levels, or at least their permanent concentrations in a marine environment, is essential for detecting and assessing trace metal pollution [10] .
Heavy metals are one of the most important factors among many others in biosphere pollution. Great interest for heavy metals results mainly from the serious dangers which are created by the present increase of their quantities. After exceeding a definite barrier of their concentration they start to act inhibitedly or quite toxically on growth and metabolic processes of animal and plant organisms. Table II shows the analysis of the bottom sediment samples of the studied areas. The concentrations of copper, zinc, lead, iron, manganese, nickel, cadmium, and vanadium are varied between (5.05, 1.15, 2.82, 3230, 119.0, 16.92, 0.105, and 11.04 µg/g), respectively, which are within the permission levels. Figure 4 represents the concentration % of different heavy metals in the different studied areas. It is clear that Ras Al Khaimah bottom sediments have a high concentration of most of heavy metals and Sharjah come in the second role. On the other hand, Ajman bottom sediments have the lowest concentration percentage of heavy metals due to low population and limited industry activities rather than in the other studied areas. Table III gives a summary of the concentrations recorder in unpolluted sediments as guidelines for the natural background levels (upper limits) in the dry, silt-clay fraction of unpolluted bottom sediments in the Arabian region (north-eastern Kuwait, Saudi Arabian, Iran, Bahrain, Qatar and UAE) in the comparison to the studied area. The average values of the trace elements in the Arabian Gulf were calculated [11] and compared with the results obtained from the present study of bottom sediments in the offshore areas of the UAE.
Conclusion
The most studied bottom sediment samples range in size from sandy mud to muddy sand. The sand and the gravels are restricted to the tidal and near shore line. The moderately to well sorted sandy mud occupies most the offshore bottom sediments. A well define relationship between the grain size of the bottom sediment and the heavy metals concentration was achieved. In general, a positive correlation has been reported between increase of trace metal concentrations and decrease of grain size. Some large size grains sediments show high heavy metals concentrations due to formation of large agglomerates from the smaller particles enriched by contaminations. The concentrations of copper, zinc, lead, iron, manganese, nickel, cadmium, and vanadium are varied between 5.05, 10.15, 2.82, 3230, 119.0, 16.92, 0.105, and 11.04 µg/g, respectively, which are within the permission levels. This means that the samples containing these metals were derived from non-pollutant sources.
